The combination of increased urinary oxalate and attenuated urinary citrate concentration are a major risk factor for Ca 2þ -oxalate kidney stone formation, even when urinary Ca 2þ levels are not elevated. Nevertheless, the molecular mechanisms that regulate urinary oxalate and citrate levels are not well understood. We studied the role of the oxalate transporter, slc26a6, and the citrate transporter, NaDC-1, in regulating oxalate/citrate homeostasis. We found that Slc26a6-null mice exhibited increased renal and intestinal sodium-dependent succinate uptake which is attributed to NaDC-1 function. Furthermore, we monitored urinary hyperoxaluria and hypocitraturia, but no change in urinary pH, indicating enhanced transport activity of NaDC-1 in slc26a6-null mice. When coexpressed in xenopus oocytes, Slc26a6 dramatically inhibited NaDC-1 transport activity in an activity dependent manner. Finally, biochemical and physiological analysis revealed that the STAS domain of Slc26a6 and the first intracellular loop of NaDC-1 mediated both the physical and functional interactions of these transporters. Our findings reveal a molecular pathway that tightly regulates oxalate and citrate concentration and may control biological Ca 2þ -oxalate stone formation in the kidney and other organs like, for example, salivary glands.
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Assessing Protomer Independence of the Dimeric C4-Dicarboxylate Transporter, Vcindy Christopher Mulligan, Gabriel A. Fitzgerald, Joseph A. Mindell. NINDS, NIH, Bethesda, MD, USA. The divalent anion:sodium symporter (DASS) family includes characterized representatives from bacteria and humans (SLC13 family). DASS family members have been implicated in key physiological roles, including fatty acid synthesis and the transport of Krebs cycle intermediates and sulfate across the cytoplasmic membrane. Disruption of genes encoding DASS family members in mice and flies reveal roles in energy homeostasis, affecting lifespan determination, insulin resistance and obesity in these organisms. VcINDY, from the bacterium Vibrio cholerae is the only DASS family member for which there is high resolution structural information available and functional characterization reveals VcINDY to share key functional characteristics with mammalian DASS family members. VcINDY is a functional dimer exhibiting a large buried surface area at the dimer interface; a feature likely shared by all DASS family members. Characterization of other bacterial members of the family suggests cooperativity between the protomers. This apparent interprotomer communication is likely transmitted via substrate-induced conformational changes at the dimer interface. If true, this has important mechanistic implications for the entire family. To investigate whether transport by VcINDY is a cooperative process we have introduced cysteine residues at the dimer interface that, under oxidizing conditions or in the presence of crosslinking agents, will staple regions of the interface together, limiting protein movement. Using this procedure we have demonstrated that pinning the interface together in several regions does not abrogate transport activity, indicating that no obligatory conformational changes occur across the dimer interface during transport. Although further confirmatory work is required, these data suggest that the VcINDY protomers function independently of one another during the transport cycle.
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Molecular Determinants of Substrate Selectivity in OCT3 (SLC22A3) Dan C. Li, Colin G. Nichols, Monica Sala-Rabanal. Cell Biology and Physiology, Washington University School of Medicine, St. Louis, MO, USA. Organic cation transporters (OCTs) are polyspecific, facilitative transporters with major roles in metabolite and drug clearance. OCT1 and OCT2 are expressed in hepatocytes and proximal tubular cells, whereas OCT3 is in astrocytes. OCT1 and OCT2 have been well-studied, but the pharmacology and structure-function relationships of OCT3 remain obscure. Previously, we screened polyamine compounds for transport and competition against model substrate methyl-4-phenylpyridinium (MPP þ ) in OCT-expressing Xenopus oocytes, and established that polyamines are transported substrates for OCTs, and that hydrophobicity is a principal requirement for recognition of polycationic substrates and inhibitors. OCT3 exhibited significantly higher requirements for hydrophobicity than other isoforms. Here, we investigated the implications of key residues in shaping the distinct selectivity profile of rat and human OCT3. Homology modeling identified a putative hydrophobic cleft in OCTs capable of accommodating a wide variety of structures and that all isoforms share a conserved Asp within this pocket (D478). Replacement of this residue with Arg, Asn or even Glu drastically reduced MPP þ uptake, suggesting that this Asp residue is obligatory for OCT3-mediated transport, and may help stabilize positively charged substrates. Several key residues within the OCT1 and OCT2 binding pocket are not conserved in OCT3, and these differences might account for more stringent requirements in OCT3. Mutations at these sites in OCT3 to the corresponding residue in OCT1 and OCT2 (L166F, F450L and E451Q) intrinsically decreased MPP þ uptake rate. Potent OCT1 and OCT2 blockers tetraethylammonium (TEA) and 1,10-diaminodecane (DA10) interact weakly with wild-type OCT3. There was no enhancement of TEA or DA10 block in mutant OCT3; rather, MPP þ uptake rate increased in presence of these compounds. These results suggest that these residues may help stabilize substrates within the transporter and imply a more complex interaction between substrates than simple competition for a single site. The ''solubilization'' procedure in which membrane proteins are extracted from their native lipid membranes and transferred into detergent micelles (proteomicelles) is a critical step in the purification of the protein for subsequent structure/ function studies. In some notable examples it has become clear, however, that the properties of the proteins in proteomicelles depend on the detergent type and its concentration relative to the residual membrane lipids originating from the preparation. To reveal the molecular mechanism of the solubilization process and the effect of various lipid-to-detergent (L-D) ratios on the properties of the system, we performed extensive atomistic molecular dynamics simulations. We previously explored the properties of micelles formed by dodecyl-b-maltoside (DDM) detergent around the leucine transporter (LeuT), a bacterial homolog of the neurotransmitter:sodium symporter family, and showed how the DDM concentration determines the extent of detergent penetration into the functionally relevant secondary substrate (S2) binding site in LeuT. Here we present computational studies of LeuT embedded in proteomicelles at different L-D ratios exploring configurations of LeuT proteomicelles at different stages of the protein solubilization process. Our results reveal that at a sparse lipid annulus around the transporter, consisting of no more than~10 lipids, DDM partitions into the LeuT, engaging with the residues in the S2 site. Higher lipid concentrations protect the S2 site from DDM penetration. In contrast to DDM, MNG-3 (lauryl maltoseneopentyl glycol) detergent, an amphiphile known to better stabilize membrane proteins, does not penetrate the transporter even in the absence of lipids. Parallel experimental measurements of ligand binding to LeuT in the presence of increasing MNG-3 concentrations revealed that the functionality of the S2 site was fully preserved even at the highest (0.5%) MNG-3 concentration probed.
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The Environment Modulates the Conformation of Transmembrane Helix 1A in the Leucine Transporter (LEUT) Kumaresan Jayaraman, Azmat Sohail, Santhoshkannan Venkatesan, Walter Santdner, Harald Sitte, Thomas Stockner. Center for Physiology and Pharamacology, Institute of Pharmacology, Medical University of Vienna, Vienna, Austria. Neurotransmitter transporter are found on the presynaptic neurons and on glial cells. The function of these transporters is termination of neurotransmission by the rapid removal of neurotransmitter molecules from the synaptic cleft. These transporters couple substrate transport to ion gradients of sodium and chloride. Structural studies often require the transporter to be removed from its physiological membrane, which can affect its structure or conformation. Crystal structures of the bacterial homolog LeuT (SLC6 family) were solved in three states of the transport cycle: occluded, outward and inward. The recent inward facing structure shows a conformation where the first helix (TM1A) did not seem to be compatible with a membrane environment. We carried out molecular dynamics simulations of LeuT in membrane and micelle environment to investigate the conformational behaviour of TM1A and combined the investigation with distance measurements using LRET. We used POPC as membrane lipids, and build the micelle systems with three different protein-detergent ratios (1:120, 1:140, or 1:160) using the detergent n-Octyl-b-D-Glucopyranoside (BOG) molecules. We observed a rigid body motion of the TM1A helix: it moves out of the hydrophobic core of the membrane. In contrary, TM1A was stable in its position in the micelle simulations. We confirmed this observation by distance measurements of solubilized LeuT in micelles and reconstituted POPC liposomes. This study suggests that the polar part Tuesday, February 10, 2015 461a 
